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Thk* paper describea a thro* phase prajjact concerning the uateh l„ 
analyiing. and describing of motions of a cat in various ga'i ts. Al l da ta 
It based on two LG min f i I it s of an actual oft eeving on a triads!! I, tn 
phase I, the toy live I Issues of tracking kny point* on the cat fron front 
to frame are d i scuAnriH, Phase II dee 1 !* ulth bui Idlng and using a graphics 
tool to analyte the date of phase I, PbaHs III (a a high level discussion 
Of cat locomotion based on the trajectories and movements a^plcrod by phase 


This report describee research dons at the Artificial Intelligence 
Laboratory of th* ft* siachuestts Institute Of Technology. Support for the 
laboratory' a artificial intelligence research is provided In pert by the 
Advanced Research Project* Agsncy of tha Department of Us fan so under Office 
of Naval Research contract N0flei4-75C-0643-000S, 


Thin paper dascrips# a three phase projset Concerning the ¥ I suing, 
analyzing* &nd dmstriptlan pf th* ruction* of a cat running on a treadmill. 

Th* first phase deals with the dynamic via ion issue* of finding and 

HrflcMng the hey points of the cat from $ I&umi tile. Thin was *uctt«*ful ly 
done with a m loro scope attarhnpn! to a slow scan vldlcon which viewed the 
film directly* The second phass was sore a graphic* prop lee of haw heat to 
display the p&lnte pf phase one in order to be most useful and easily 

understood. Graphs of angular poa I 11 one* angular velocities*. and angular 

acceleration* of all joints are available a* ueN as footfall diagrams and 
both stati-C and dynamic trajectories. The third phase ia more in tbs realm 
of kinematics and^pr biophysics as It deal* with the hows and why* of 
locomotion. For this reason, the analysis i* not Po deep as the data uill 
allpu* A full and careful analysis cart and should be undertaken, hut th^t 
fs not the purpose Pt this paper* end hsne* the analysis will net bn do 
fully dove loped as is possible. 

Two *hort LGiflh flies of a cat r-unhing on a treadmill 1 uore shown lh 
the till A| playroom In January* and afterwards* the question was raised* *1 
wooder how Idng It will | he btFere a machine can run M k# that?" To which 
the response uaa* N Hpu long will I t be until 11 under* lands that?" A final 
remark wae then heard, "How long until a machine can watch that?" 

Thl* paper answers tbs last of these question*, namely that now a 
machine hae "seen 11 the film*,, and hp# naybt even begun to "under at and h cat 
I ocamat I on* by graphically analysing the data from the film, Whether or 


not .cat locomotion uljl prove 4 suitable mods I for machine locomotion It ao 
open question. 

TMb project I* raslfy the compI r-at ion of three distinct projects. 
Th* first ft extracting- the pot It lone of hey points on the cat, WMl* th-ig 
*au soon an unexciting 1 on level task, It is actually an Interesting vision 
project;, one upleh empleyg froth tracking and recoin I t Ion Hft. 1 lie. 11 > fl fry 
no means a simple task, because the cat's body at tints obscured the key 
points that Hire tiling tricksd, the film oeca*i anal i| y became iliyhtly 
blurred or out of focue^oe* points mere moving quit* rapidly, plus al f the 
usual problems assoclatsd with taking data from real world picture*, in 
epite Of theie problems, the first phase of this project !e able to reduce 
the Information In the hundreds of frame* of thousands Of pixel* of Z5G 
grey 3evil* each* to hundreds of sets of ksy point positions, one set per 
fraee of film vimed, The position* of then ksy points contain most If 
not all of the earn* information that the fils contain*^ but 1e much easier 
to use. 

The second phase takes these sets of points {sight point* per set} 
and pints then Into motions and trajsctcr| bb, as uall as displaying an 
animated cat the! moves across .the screen, Ths differences between 
galloping* trotting, and us Iking can easily be seen In the graphs and 
trajectories, Simple curve* on the yraph contains all the Informal Ion of 
the many set* of points* and thus a further reduction of volume Of 
information and Increase In power of the Information 1e obtained* 

The third phis* sis In lists* all the mo!Inn* and trajectories vI sued 

In phase It Into s corpse! theory of motion. Th* differences in the 

- 


various galte &t-6 understood and explained, The graphs $nd trajectcrrea 
are analyzed and the reasons- behind then am understood. At this atage can 
"The Computer" be said to have matched and undemtqod uhat the cat uan 
delng? 

Netat The tern "rim" or 'running" will pe loosely used In this 
paper to Rin'an aovirg In a uatk, trot, Dr gallop* Eaduard 1 Huybr i dgo a tat a a 
that " lr» ft* refBranca to quadrupedal l*0veD'en l e» 'running 1 can bs applied 
on- I y a a It la to a stream of water running doun a hill* a locomotive 
running along a railroad, or an Ivy plant running up a uaM." 


PHASE I — EXTRACT ENG POINTS FROJ1 ACTUAL Flirt 


In this section, the basic gray-I eve I Hsthods of finding tha key 
point-a described, The input to thin n*tl Ion is the lGmm fil», and the 
output i ? B disk f 1le of key-point position*. 

The method of visuing the fi IH should first be dBaoribad'. An old 
1C«-" movie projector was torn apart to obtain the hook and claw WBchamism 
that pull a the film exactly qnt frano forward, Thl* mo-chan■ am la placed on 
a light table, and a siou Bean vidlcon with a i* I C rosedp* attachment it used 
to vleu it Tram above. Tbs resolution of tha Microscope lane 1e chengable, 
but only tug I or sou proved useful, a loco the higher tha resolution,, the 
tea(lar the field of view, and tha cel would aeon drift out of range - . The 
movie camera mutt Pb manually advanced after each frans. in order to vleu 
the next tra** 4 Sob figure 1. The vidlcon Interfaces to a POP 11 /AS which 
hoe o DEC GT40 [graphics display terminal! as- its primary output device. 
All software le urltten In POP 11 Assembly language. 

P 

the films Used were prepared at tha University of Arison? by Dr. 
Mary C. Ilttzel, to whom wb are deeply thankful for a copy of the films, 
Gu-rmsO reinforcements [email circular i fens usually found on three ring 
notebook paper) Mere attached to tha skin cf the cat directly over the 
front right shoulder, albou, and yrlstj the back right hip, knee, and 
Snhlei and two more near the tail. Since the film can bfl viewed from 
eithsr side* the cat l# always v I sued so as lo bt traveling to the right of 
the vidlcon. The side facing the viewer it terned I he 'right* side, end 



FIGURE In Physical set-up. 

the aide a^ay from the vleuer final | be referred to sa the H left ri side. The 
points actually (racked are points on the akin which nay move relative to 
the joints beneath them, but this relative mat ion is believed to be em^lf. 
A treddfeUI use used ta keep the cat relatively in ode plat* in front of 
the c8*era, The point a found represent only the right front legs* r ight 
rear legs, and rear end posit ions,, and to IE nothing of the left legs* (n 
soma of the later films* the rear end markers were not even tracked, as 
their poaitlona were used little In the final analysis, Th* unmarked left 
tags tiers assumed to travel the sake trajector I as a* th« right dobs* only 
u I th some phase lag,, Sea phaee IE for further discussion of unmarked legs- 
The gummed reinforcement! [hereafter referred to as markers} mere not 
placed in (he seme position on the tuo different cats of the tuo films, 

Thga the problem of finding the markers was one -Of finding a target 













if. 


Ih3t In-oka Wk* on a basically dark but splotchy cat. Ihia is a 
vastly simpler tao.k than- finding the Joints without special marker* F as was 
dgne by Speakert for tha human figure (fill Working Piper US, January* 
1976), and aor* ganers! methods ars applicable. The be sic iielhod amp Payed 
was Inspired t>g a method' uaad by Klmhe, Ballard, and Sklansky [1>* and has 
ftQ relationship to pattern matching. Th* COntr&at in the file was often 
ahaII between the cat, the target, and the background, especially near the 
beck of the cat, and thin did CSuea gone problems. 

The gradient (magnitude and direction) of the pray level picture ie 
computed at each ceil. The magnitude of the gradient I* the maximum 
difference between one neighbor Of a cell and th* "opposite" neighbor 
{through the center cell). The direction ie one of the eight poseible 
direction* thie can take lees figure 21, If the magnitude of the gradient 
ie above a threshold, that ceM Is considered an edge point, ]n a second, 
initially aero array* an arc ie "struck" about each edge point in the 
direction of the gradient at the known marker radius (th* larger radius I by 
incrementing the cells that lie on this arc. This arc Is a quarter of a 
circle in- isngth. (See figure 3). Each cell in thle array ends up ae a 
count of t-he number of edge points that ar* a given radius away and whose 
gradient points toward that call. The cell whose position is the same as 
ths center of the serker should get incremented by all the marker edge 
pointe* and thus would be the maulmum. A second array uaa also used, but 
with the inner radius of the target and reverse gradient directions used to 
Strike the arcs (fl gummed reinforcement hae gn outer and an inner radius), 
Both of these arrays are evsmined for local maxima, and a list of possible 



FIGURE 2 . Eight possible directions of gradients. 



FIGURE 3 . Arts art Struck from each edge point, ha*imum is 
near the center of hypothesized circle. 



































































target locations is prepared. The target posit Inn is chosen trow these 
possible I oca t tons based on other fecto r s, such as predicted position I5ee 
below), In practice, this method unrated fairly we I I when the picture was 
reasonably sharp and dear, and better at higher resolutions than i oner 
on^e, See figure 4 for an ewample of hou this method works when sverylhing 
Ie in order. 

Hciniov*r, often the markers were blurred, obscured, or distorted, 
and this method did littlB good. Figure 5 shows a poor quality marker and 
its associated arrays. 

The position of the t Sr get ie fir at predicted based on its past 
history and if it is 8 "dependent' target^ its position is also computed 
based on a relative position to the target on t4iich it is dependent* A 
dependent target is ora that is wore or less rigidly attached to another 
target* for awampie. the elbow joint is dependent on the shoulder joint. 
The 9hou I der/h i p joints are independent as are the tuo on the rear end. 
The olbOn/knee and wrist/foot Joints are dependent on the ahoudder/h i p and 
elhau/knee jol nts respectively. The shoulders were chosen as the 
independent targets rather than the feet due to their slower motion. Some 
joints must be independent,, in order that their position can be predicted 

based only on their past hi a tori as r and not relative to other targets. 

These Independent targets are found firsts in order to give a relative 

position tp their dependent targets, [f th* Position &t 3 target predicted 

from its past motions agrees uith the prediction based on reistive position 
to another target, the search area is constricted- If I hey vary uldsly. 





th* area o Hare had i * widened. A picture it taken cantered about the best 
and ig handed to a routine along with a threshold for paints, 

and a rad Ilia within which to search. ' Thl* redl ur can be clearly ^pijn in 
figures 4 and 5* I ha area eutelds of thl* radius le eliminated from 
consideration* In f I gyr* S, gd*« points ogre not ivtn read from th© 
vl dll con, a I no* even H they contained edge point*, tha area struck would 
not reach in*Ida thle radius of consideratl-on. 4 list nf possible target 
focal i ona ig pr*par*d baaed on tha picture. The "beat" ehpic* l« chosen 
fro* this list baaed on the past history of thl a target and; relative- 
positions Of Other tar gate. If tha picture is pt good quality, there ui \ \ 
be only one Or tun picture* in this Mat., in figure & above, many pcaaible 
target* M*ro returned. The Inforgatlcm in the database uhleh t* uee-d to 
pick the "beet" choice incFudaa target type, the past eight positions, tha 
paat three scores, the Initial search rgdlus, and if it lg a dependent 
target, a I an the patt three angles to th# parent target and the eflttane* to 
that target. 

After a I F marker* have begn located, they are displayed while the 
Operator advance* the film, The operator may decide to Correct any .target 
location, by specifying the target number and Scrolling 11 to the proper 
position, Before starting the next fraae, all the position* are written 
out on tfiak to be used In phase II, 

Juet to get an idea of what the file la like, figure E ghpu* every 
fifth frpes Of one atrlda of a cat trotting. Ihe dynamic range hse boon 
great Iy enhanced, and thua the picture appegrg to have much higher contrast 
than it actually does, tki*t of the sections of film viewed by PhOos I u-ere 


two Id a I k sir I das Inn^i The time far frame required to locals the tSrga Is 
varii? from 30 to £0 seconds, depending an the number of target a IS va Bl 
and the annum! of intermediate display to the user. Almost half of the 
tlira ia apsnt reading paints from the vldlcon. 

For eaee In discussion, |hj front shoulder joint shall henceforth 
b« Joint 9, tha front elbow joint la joint 1, the front prist It joint 2 r 
tha bach hip la joint 3, the bacK elbow It joint 4 t the bach toot la joint 
5, the hindmost rear marker Is joint S, ths other rear marker Is joint 

Now that tha cat films have bean reduced to dish files Of points, 
no are ready to begin to analyze them. This It the task of phase II# 


FI&UdE 6- Cat trotting 









FIGLrfiE 6. Cat trotting 











PHASE 13 Developing a graphics tool to view cat films 


Qnce thE point files have been created, One needs some method of 
viewing* examining, and analyzing them. For this tjurposs, 3 graphics 
system Mas devElopsd. The inputs to thia system are the point 11 Iea from 
phase [ + and the output i e a variety Of yraphg. trajectories, and other 
’high-level" descriptions cif tha cat’s novenents, to ba uaad ib phgsje Jit 
to develop a theory of cat IOCOmotiOh, 

The graphic terminal Is a DEC GT4B which has an LI/0S processor as 
well as a scope processor built into it. The 11 /0S was used to communlcafe 
with the 11-/G5, perform minor cosputat ions, do bookkeeping, and modify the 
scope code. 

The graphics routine developed (called CATQJS for CAT Dl&playl haa 
the capability to plot the angle, angular velocity, and angular 
acceleration at any joint or aet Of joint®. The user specifies an angle by 
naming three joints. If only tuo different joints are specified (one Joint 
opacified twice), the angle that the line through these two Joints makes 
with the horizontal la plotted. The angles which are examined in phase III 
include B-l-2, B-l-1, 1-2-2, 3-4-5, 3-4-4, and 4-5-5 {See end of phase 3 
description to review joint numbersi. The angular velocity is the 
difference in the last two positions, i,s. position 111-poii11 onli-1). 
However if this Is too noiey, the user can request that tbs velocity be 
computed as posi 11 out i 1-poa! t ion 1 1 -23 , nr even pos i t ionl 11 -posl t itml i -31, 
etc. This effectifely filters out some of the noise. Similarly, the 
acceleration car use a filler on the velocity. The file name is always 


shown a s QFrCAL.N Si 2 "ft 2, where the nupber after the S tails how many 
times the data has Seen smoothed. and the number after the T tells the tims 
delay in points used Id COhpLite tha velocity and accelaratign, with T:1 
corresponding to the velocity shown be l-ng poa i t ion! i l-poa I 11 anti-] 1 . ft 
value OF S;2 1:2 was used In phase ][] to ninimiaa noise, Flyu r e 7 shows a 
ptct qt the rear Knee Joint any Is For a trot. 



FIGURE 7- Rftflr Knee Joint. Position* Angular Velocity, Angular Accelera¬ 
tion (trot)- 

An animated cat (built around the Bets of points! can also be seen 
which will either run in place, or hovt? acroes the screen as the successive 
sets Of points arrive iron the 11/45. This cat tfUf diaappear at the flick 
bf a 5w 1 ten to allow closer inspection qf the points themselves* The 
trajectories of tha actual points can be Ngrfe to stay in view as new sets 
of points arrive, thus showing a history of that joint, either as the cat 




is moving across the scraen H nr as it Is running in pi ace (on a treadmill) 


Eadwartf Muybridge (188?) did mast of h.i b analysis of motion by 
watching the patterns of foot fall a, Le, studying the order in which each 
leg hit and was lifted from the ground r He used a sitap 1 b diagram that 
I coked like 


Where \ Is (he frent left foot, in the Froht right foot, • * the 
hack lb ft foot, and is the hack fight Foot. If these By* be Is are 

present in the diagram,, that foot ip on the ground. and If absent, that 
foot was not at that metiert supporting the body. Thus the above diagram 
depicts am animal atanding GO »M fobo legs, and 



represent an animal with two feet or the ground and one thal momentarily 
has no feet on the ground, respectively- These Muybridge type footfall 
diagrams can be eeen in CATDIS, either dynenicallg as the cat moves, or as 
a series of static diagrams,, shewing the sequence and duration of 
footfaM*. Th* solid symbols and have been replaced by O 3nd 
A foot Is considered a* b* ing on I he ground it It is below a user 
specified V value AND if It I* moving backwards on ths original film lwhere 
the cat ie on a treadmill that is moving backwards!. The front and rear 
ground levels can be eet independent 1y in the event that the markers are a 
different height above th* gremhtf on th* cat. These diagrams are vary 





FIGURE 3. Qne complete stride of a walk. 

ueefyl In classifying gaits. Figure S shows on® couplets stride of a walk, 
the count bo I on each dfag r an telle tiQU nany frames that "phase" laeted. 
Each frame ps approximately EB milliseconds, since the f« Tm was taken at 
I0ff frames per- second. Figure 5 nhoins a cal galloping with a dynamic 
diagram at the left (as the cot »OVIfl + tho diagram changes! 1 . 



FIGURE 9 . Cat Cf&l loping, 

Fpr more- detailed information on how to see tfhat yod want to see 









frofti CATDI5, see Append in An nper A t i on a I g^u i de to- CftTDtS. 


Thus with Alt pf the** high level deecriptian® pi tha 
the targets available, an underet And in g n * cal I oeo«0 11cn i ■ 
This is the purpose of phase 111- 


■lot I ons o 
possible 


Phase ]]E Understanding Cat Locomotion 


Tho Input to this section is the graphs, dl agrarta. trajectories, 
and other high level Information of phase II and (he output is a theory of 
cat locomotion* The rotary gallop, trot and walk are compared. 

These cat ff i I a a are Accurate enough and frequent enough that gpn-e 
under a landing of the notion l« possible, unlike earlier attempts of 
watching human figures In motion, [See Hocking Paper 1.1& Know ledge driven 
Recognition of the Hunan Gody by Glen Speckertl The films Here taken at a 

rate of 10 @ frames per second, eg each frame represent 9 about 15 msec. 

The walk is the elowest, most restful galt t 3nd as can Os seen by 

figure 10, the cat is supported alt ernately on (up or three legs. As a 



FIGURE 10, Walk, 

general ruin?, whenever the animal is supported by two legs. If tbs Having 
legs are betneon the supporting ones, doth are lateral pairs. It the 
moving lege are outside the supporting leys, both poire are diagonals 









FIGURE H. Complete set of graphs for walk. 
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{rtuy Dr i d pc) ■ Thus tha ualfc sequence consists of (refer to figure 10! 
starting on three I eye and li f t I raj] Ihc front right, dropping the back 
right* lifting the back left, dropping tha front right, lifting' front left, 
dropping the back left, lifting the back right, dropping the front left and 
rotorsing> This ia a ayhe trie gait as the right lege are 130 degrees out 
of phaae with the left ones. The front log acS^e to iag the bach leg on 
the sane side by g? degrees. Figure 11 shows Ihe grapha of all the angles 
for a ualk- Note the l&u aece I ergt ions and hsnce low energy appended big 
this gait. 

The trot ie a slightly Faster ga< t, and consists basically of 
diagonal pa ire working together tin phase! to ait er irately support the body, 
htlybridge gained great fame by ehoulng that horsfts h-gvs a si light period of 
non-aupport between changing of pairs of supporting legs, This car* bo oeon 
In 3 vary short phase (about 10 msec! in figure 12- In all |hc trots fsoo 



FIGURE 12, Trot. 

figure 131, the cat stayed a long tine (1B0-12B used on its diagonals and 


took about ^0 *i*ec to change to the other pair, the four events of lifting 




Complete set of graphs for trot. 






























FIGURE 1Morfc crocs, 

the tuo SUppor t i ng fsut and h« 1 t mg Ihr Iwn nf!M ?upfi:,ir 11 np f rij l Hijwn r*i 

close together In tine, and their precise order is net a I nog % !he a^aia, 
Hooevftr the front leg in the diagonal pair aluays leaves the ground sooner 
than Its diagonal partner, and it plea always lands slightly sooner. 
Figure 14 shous a complstp get of grpphg lor all joints and angles Qf the 
trot. Note that the aces I tra! I &rts er^ higher |hgn io the walk* twt rw>t 
high aa for the gal fop, The trot I* a sytistric gai I with the right and 
left legs 1B0 degrees out phasij and pi ad tha front fsot a r »? IS-0 degrees 
Odt C?f phase with ths rear one a an the satos aids. 

The rotary gallop la thB fastest gait of the cat. Except for one 
long period Gf tXiswpportsd transit, ths cat alternates support on one or 
tuo lags. Starting In flight, the cat first tooths 0 down with Its rear 
Iftft log fell owed by ths right rear. The right rear than stands alone a s 
the Inf I near shoves off and the cat stretchs out. The right front touches 
down just before the right rtgr I ahd it is ftoon joined by the ! l#ft 

front* The left front soon because the sole support log teg of the body for 








FIGURE r 6. Complete set of graphs for Rotary Gal Fop. 


































a fairly long period before cantr ibut ing a strong kick which SEnds the cat 
Pack into i te long, period of unsubpor ted flight. Sea figure IS. Uhen the 


nilT IW IM ES V 
feMM * m . i-e* 


xipjtim rmm mMm II 4fe 

HMO Of TWKA I 5 IH 


mi iriiH.u pie tm 


i -1 ftl i 4 4 i- i 

mtmm 


FI Gil RE 15. Rotary Gal 1 op. 

cat Ip in flight, all Fnur e>l I la legs are tucked beneath the body, and 
this phase I aft a for a tight I g over one fourth of the stride, it can be 
easily seen why this gait ii called the rotary ggllop. aa the footfalls 
proceed In A counter clockwise circle around the cat. If the rplea of the 
right front and left front are reversed, this gall ttecones the transverse 
gallop. The graphs of- figure 16 can be seen to contain higher acceleration 
peaks than in either the walk or the trot, and thus the energy required is 
higher. This is not a ayrretric gait, as Ihg front left leg lag* the I root 
right one by £0 degrees 3rd the hack left leg teads the b£Ck right one tty 
£8 degrees. 

The velocities of these gaits can be found by finding the minimum 
offset needed to add to each fr 3 h& such that the feet never appear to move 
backwards. This is dors to produce thB point trajgctorlgg of the cat as if 
It were running on stationary ground. The speeds are 2S, 19, and 18 for 



tha gallop, trot, and walk T’eapact I va I y, By setting thee a velocities In 
CATOIS. the eat can tie seen to mays across tha screen, The file length, 
period, phase legs, end velocities for all the data filet ere tabulated in 
Appendix 3* Again, further analysis U possible from the data, and Is 
oncourageti, but that la net the purpose of thll r*search, 

l'hue 11 can be seen |hst 3 reasonable amount of Klre'natlc analysis 
ten be done on points which were visually located from an actual real wot I d 
tile* Thle ehows the r* I i abi 1 i t g> of the dynamic vision system «hlch the 
graphics egetee and Kinematic anal ye is are baaed upon. 

H Thi Computer" haa seen the cat films, understood the basic 
mechanics of several types of notion, and now It i e tip to the mechanical 
ongiTTeare to enable It to Imitate I he cat, and someday be able to walk, 
trot, or gal lopi 


APPENDIX 1 Operational Guide to Phase I 


this append1* describes hpw to use the first pnaas of this project, 
the phase Concerned WI ttl converting tGirh fills to disk files o P paint 
pool t tons. Ta run the progrgii, do a 

iDlTHJ 

This ul M ask. than far a target radlue tE for 2 P'lan ecope props, 9 for 3 
Plan) and a threshold. Th« threshold In ths value which determines whether 
p point has enough sDroad across It to be an "edge" point. 7 !a 8 good 
value to give. At this point It will respond with 

ENTER COfflWC 

There are many oonsande available, end a ?<cr> ulll list then. Probably 
though, you will want to do an 

EP<er> tenter picture model 

first, Thle ulll load In PICTfi? Into the CT4B. This Is a display program 
which ullF display one sector pictures. After loading in this display 
pen grant, mg program will ask you whit you Mint to see displayed. You chose 
what you want to see, and indicate if U ehould uait for a character before 


proceeding (thus al lowing you to examine the picture it your iaioureJ, 

which you can view t r*c I ud» the actual picture 3 a ft is taken from the 
vldlcon, the array SCRBClF mi i ch la the array ul fh (ha large arcs drawn on 
Itf the array SCfl2BF T the array that looks for the t«flf ler center tic fa In 
th* target, and 3 count of th* fiuabar of 'edge points'* 

At thi# point it ul 1 I again ask you for 3 compand. Probably at 
this point, you wl i I want to build a database, or read ona off dak, fig 
«m read on# in from dak, but you probably uill want to do a 

BD*cr> (build database! 

Thi# ufll flak you If the target fa independent, or dependent on another 
target, if BO, uhlch ona. Targets 0.3.G.7 are Independent, and l T 2.fi T 5 are 
dependent on 0,i,3.4 respectI vb ly. It will also ash you for a "center 
diit*nce max". This fa the distance from the projected position that la 
Searched. For closely spaced targets E and 7, a sea I I distance I ike G 
should b# Used to avoid confusion between thee. For the other target a, 
thlt la not a very Important parameter, and anywhere from 10-30 1* OK, Won 
you *u*t scroll to within a target radius of the target. Whenever ft wante 
you to scroll, the word! “Plea sb Scroll" are diaplayad. Use the arrow keys 
Oh the Ipft of the keyboard, and hit Space when yog are done scrolling. 
Hitting "S* uill change the scroll mode to a ingle pi kb l, l,e, each time you 
hit the key, the curaur moves on# pixel. Hitting "M" return* to normal 
scrolling mode, After you have *crol led. It uill locat* the target, and 
aak you 


ANY MORE TAPCETS? 


Reply Y for y.(if. Ithart supply the above information tor each target. Uhen 
ycv have Informed it at dll targets rep I y W tfl the last question, and It 
Mill again aek you for a command. IfoM advance ths file orb frame, and tupo 

02 litep 2 In tulIding database} 

This alM ask you ta MTOl I to the neu position of each large! from the 
last petition, se the targets, sag be paving rgpidly, and it has no Idas of 
each target 1 ■ velocity* Thl* g|v*t It the velocities flf ti l the targets. 
Mom advance the f I III and type 

B3 I step 3 in building a database! 

This Mill aak you to- again scroll to the tar-gats, thua giving It an Idas of 
the acceleration of each target, fcftsr you have built this database, you 
eay want to mH te It on disk* It Mill only be useful If ydU are at the 
current frame In the flip again, tC urltaa database OR diet. 

The normal sequence le to advance the fils and type 

NE [proceas next frame} 


■l 


This Hill Star for all the targets, thouing you what you spa cl fled you 
uantnd tp a«« on thi CT40 screen* find alt th* point*. display them and ask 
fpr ypur mint command. 6 b aura to advene* the film after each NE command. 

Aftir & frame* (Including th* first 3 uesd to build the database] you can 
tfo an 


00 (open d'i#h] 

Th l* Opens a disk file, and each NE Command than urltea Me point! to disk 
before processing tha ne^t frame- Whan you ara dona you will want to do a 

CD (close dlakJ 

This closes this point file. 

Sometimes the routine ul 11 Interactly find a target, Uhen this 
happmns, it becamea necessary (or the operator to acroN to tha proper 
froeltlpn, For this reason, after each NE command, all tha points that ars 
found are displayed, (f one la incorrect, you should do a 

CO (cerrsct onal 

This will aak for the target number and allow you to aero If to the proper 
position of that target. Since the positions ars written- out at the 
beginning of the ME command. It le this cor acted position that le written 
out, When you do the next NE command- 

t 

* 


other commend* Ml eh are useful Include 


DT 

display currant set of targets 


OH 

displays list S posit Ions of a toryet tit ask* for 

target ft} 

m 

displays last 4 positions of all targets 


AO 

add Mrs targets to database 


£P 

truer picture nude 


U 5 

leave picture wcde 


DO 

specify display options (what arrays to display on 

GT401 

HL 

re-opso long point file at end 


PA 

Change parameters of radius and threshold 


Tj 

tips of dey 


EX 

•*1 t 


? 

display all coomarids 



APPENDIX 2 Qperat ronaJ Guide to Phane LE 


TMb appendix describes ths uns of the graphic! rnvtln** which 
t! I sp I ay the points found in phain I. Ip (tart the prngran, type 


iCATDIS 

Thl* will load tha display rout Inn Into the GH0, and when 4t El 

4 

dan* leading, ther# should 0* a sketch of a cat and the words 

ENTER FILE WHE 
S 

to which you should give thi name of .a file which is a data HI* from phae* 
I. The data files which I have col'l acted ar# oh (ny disk and are named 
EFfCAL.N where Nina decimal nyet-nr, Sine* In general there In a phase 
•difference. p*tw*en ths first'and last net of point* lit the file, ther* wi I | 
tw 9 dl SCcmt inuaun jump In motion flt th* "wrap-around" point. Where the 
first set of posit ion a follows the last net. Howevir, the files am In 
ASCII, find thu* can be edited to minimize this phase difference. I have 
done this for Met of th# T1 lea, and the nodi tied files [usually Shorter} 
are called DFECAL.1M, □FICAL.Zfl, with th# 'ft Meaning that It In a modified 
or matched til*. After recslwlng a file n#e#, phaae II reads this f 11 * 

Into cor#, and displays th# following neasagea 


BIT 15 HALVES CAT 


BIT 11 TURNS CFF CAT 


BIT i* CLEWS PQIKTS 8] T IB TURNS CFF TEXT 

BIT 13 HIRES OLDEST POINT BIT 9 Tg VIEW HIDDEN FEET 

BET 12 AQ05 NEWEST POINT BIT E CHANGES SCALE OF GRAPHS 

BITS 9-7 DISABLE JOINT DISPLAYS 
7 TO DISPLAY lim OTtttNDS 

There are three nodes to CATOlS. These are norral., graph, and footfall 
diagram *u-da. The user etarte out In normal aoda, Th* sbo** message tel la 
Hhat the GT40 bit an I tehee do. The gate of points are sent from the LI/45 
to the GT4IJ to be dl Sp! aynd, Some of tht bit bM I tehee only have meaning 
when updating with the ne*t net of paints. The auitcha* affective at this 
time are bit* IS, 13. and 12, 11 11 t ,12 I * Up. 3 point will bo displayed 

[In addition to Any other points or pi etudes I at each joint paeitlor* j Lr-g t 
received. If bit 13 1e up* tha eldest (such eat of joint position points 
ui II be flushed. Thue having bite 12 and 13 up iuIIF cause the number of 
points displayed to he constant, ].e. the last rv positions ui I F a Iuays be 
visible. If bit IS Is up, the cat mil became half size I uni sea It already 
itt In which effae It will stay shall}, When changing elza, all points oh 
the screen are f Pushed. Uj th P11 these point* on the screen* it often 
becomes confusing a a tp i#hl ch point* am in which joln| trajectory. Thue 
by tripping bite 0-7 [anytime}, the set cor responding to that Joint nbt ba 
displayed I it Is net last, and putting the bit coup redisplays them}, 811 
14 U I I I flueh all points currant ly O.n the screen. Bit 11 turtle off the 


■k » tch Of the c-it (In order ttf v|*u th* point! better!!, and bit IB turn! 

Off th* text, Bit 9 causes th* lift front and back f**[ to bo v I sued, Th* 
I*#t feat are th* eairs 3s the right on**, only dalayetJ by a phase lag (see 
P command balaul. Bit fl change* thi ec^li Of the newt graph”• angular 
velocity and angular acceleration. Scale goes ir a cyclic £-Z-4-6-I order, 
ul th Change Of stats of bit fl advancing th! teale dub pea It Ion, Thy* In 
thi* taKl* + the m*st tan uatch th* point trajectories and locomotion. To 
got 0 tel Of polnte, the GT40 must interact u>th th* 1I/4S+ there are many 
Other inlays to Interact with the 11/46, The following i* a Met of 11/45 
command* available. 

SPACE Thle sends over one set of point*. Thu* hitting the epaee 
bar ulll look like viewing *ucc**lv* frame* of the flFm, 

Thle Hill send a let of points over every time the clock 
tick* the n tim*4i N I* Initially 6 and can be e*t with th* F command. 

Thl* auto-mode Hill show the cat in motion. 

"F“ Thl* set* the frame rate fpr the A Command, I.*. 

determine* hem leng to uall between *ucce*lve fmaa*. One clock tick I* 
1/E0 of a tacend. 

Ihl* **t* the Rave distance, or th* offset to be added 
to each frame* A nonierp v*lu* her* util cause the cat to «Cv* across the 
atreen. A good value to u*e ie th* smallest On* that doesn't allow any 


point to *flv# backwarbe. Sea appendix 3. for this speed for each tl lw. 

"R" Asks for now file nane, Used to reed another file, 

h P" Sit phase l*g (Id points! bet wean the right feat and the 

l«ft feet' Tho left flit are simply the right positions delayed n points. 

P aata n* 91 t 9 rust be up to see left lags. 

"Ij‘ Graph node. This asks fqr three joint nusbers, and 

computes the angle, angular velocity, and angular acceleration at each 
fr*w and plots this angle for ell frames In the d I ak file, the same joint 
cam be epedfEed at two of the three joints, thus resulting In the angle 
from the horizontal. CstdEe than goo* into graph mod* In which It displays 
a graph (hewing the angle, angular velocity, and angular acceleration of 
that joint tor entire point file. A dotted line shews where hi the graph 
the current poeltl-on of the eat le. The user must also specify a time 
constant for computing the velocity and accel erat i on. I f T-I* the velocity 
ie the difference in the lost two past t ions. If T-2, the velocity 
displayed la the difference of pool lion I and I-2, etc. Only the A,L,G, 
and SPACE commands can be executed m thaut returning to normal mode. 

Toga I* bit 8 and do an P L“ command to change scale, 

"L" Review last graph viewed. Useful in returning to graph 


mode. 


Smooths data. The number of tines data ha* dean 


•3" 

emoothad ie given in Sin (mediately after fita name. 

"C* Chang* scale of point a. It asks for numerator and 

denominator. Needed because *ol»a of point file* wer* obtained using the 3 
plan microscope proba, and Soke ware Obtained using lh* 2 plan piece* Use 
1/1 for the 3 plan file*,. and 3/2 for the 2 plan fllsa. [*** apper^dlw 3 
for lint of which la which). 


M T N Displays date, tln* r end currant vara 1cm number* 


M I h Displays the bit twitch Information above. 

1 • 

D lap I ay* a Met of these commands and a brief 

description. 

"D" Diagram mode. This eamnand first asks if the dynamic 

Huybrldg* footfall diagram ahcuid ba turned on. if eo r It aek* for a Y 
vslu* tor the front foot- Point* Uhich 3re below thle value MB which ere 
moving backwards in the original fUn are cnneldar&d a a touching the 
ground 1 .. By having bit 12 up, typing M A H to let the C®l run for a etrld* or 
two, s n d th*n doing a "D\ th* uaer can mere occur ate|y place the ground 
Elne+ Tha front and back are independent ly settable in the event that the 
front and rear fcarksr* are a different height abnvs tbs ground. After 
having dons thle* the ii**r It returned to ncroal mode* but a Muybridge 


diagram 1* vIllblttWT th* left Of the *tr*en, An (he G9t moves (thNf 
with -another "A"., or auconfl-sl va " E> P AHF 1 command*] , thin- diagram n! I I show 
which feet are on the ground. To turn off this diagram, type another H D H 
and answer H N M to the 1 irat question. 

*0" Other Diagram*, 0 doesn't sea* to stand for Multiple 

footfal l diagra* mode, lout west of the good letter* ware taken wh*n thi* 
feature was Implemented. This cow and asiis for a start frame and a count* 
It there ie a phase lag of 17, Uee a starting Frarre of at least 18 to avoid 
point* from the end of the -point file nseeing up the diagram* It display* 
the HuybHdge footfall diagram for the whole eeriee, and under each diagram 
gives a count of the number of franee in a row that that diagram was valid. 
20 diagrams are th* meat it can show (different from 2@ frames). 


Ju#t to gSt one stirfed, try using the fils GALLOP. When the bit 
switch InfofWtlon U displayed, type an A, The cflt Hill appear- to be 
running on S treadmill, il»tch for * while, the put up bit 12. This will 
C9USS the (M3 lute to remain 1 r> view. Flip bl I 14 up and down' to clear the 
points, *rd then put pit 13 up (the cat l* running this whole ties). Mow 
it should appear as M thsre It aliment a string attached to the Joints of 
consiant length. Plsylng wi th bite 9-7 u11 | cause points atreating from 
each joint to not he displayed, Non turn on bit LG. The cat is half size, 
and there is Just on* point oh each Joint, By turning bit 13 down, for a 
second, th*n up, 4 history of arbitrary length P&n be treated, Set the 
fraa# rat# to 4 ticks, the eo*e distance lo 24 unit*, and the phase lag to 
& point#. Put up pi t 3 and IS, type A, and watch the cat run across the 
screen. Type P to *st the phase to G and ~E respectively. 


APPENDIX 3 Sums use fu \ Inf^rhption 


The foNcuitvg chart tells sup's URSful i rtformat1 on to Snyons usibg 
or pitying with CATOIS, 


FILE 

NAITE 

DESCRIPTION 

LENGTH PERIOD 
fERAJtSl 

PHASE LAG 
(FR.BACKt 

SIZE 

SPEED 

OR CAL,1 

ROTARV 

GALLOP 

192 

35 

6.-5 

3 p 1 an 

24 

OH CAL. 2 

HAD TROT 

az 

42 

ZB, 21 

3 p 1 an 

12 

OFICALi4 

WALK 

123 

38 

13,13 

3 plan 

16 

OFICAL.B 

TROT 

Z13 

32 

iG.ie 

2 plan 

26 

OFiCAL. 7 

TROT 

144 

35 

17,18 

2 plan 

15 

OFICAL.fi 

-root * 

1B6 

33 

IS, 17 

2 plan 

15 

OFE CAL.9 

TROT 

B4 

33 

17,16 

2 plan 

13 

OFICAL+lfi 

ROTARY 

GALLOP 

gg 

35 

6. -6 

2 plan 

2B 

0F1CAL.11 

UALK 

145 ' 

43 

22,21 

2 plan 

ii 


* Cat's rear legs stop when tall 1 hit back wall of trsatf"Ml,, (about frame 


761 but front anss ktop going until bat uas against back of treadmill ua I I, 
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